Non-technical summary Arachidonic acid metabolites called epoxyeicosatrienoic acids (EETs) influence vascular tone and renal tubular sodium and water transport and thus have been implicated in the control of blood pressure. Inhibition of the enzyme soluble epoxide hydrolase (sEH), which reduces EET degradation to the corresponding diols, leads to substantial attenuation of malignant hypertension in a transgenic rat strain harbouring the mouse renin gene particularly via an improvement of renal function. The observed antihypertensive and renoprotective effects of this novel pharmacological approach provide a potentially new direction in antihypertensive therapy.
Introduction
Cytochrome P450 (Cyp) metabolites of arachidonic and other fatty acids are increasingly recognized as important regulators of cardiovascular and renal function (Fleming, 2001; Roman, 2002; Imig, 2005; Capdevila et al. 2007) . Cyp epoxygenases, specifically the 2C and 2J classes, metabolize arachidonic acid to epoxyeicosatrienoic acids (EETs) which influence vascular tone as well as renal tubular sodium and water transport. Thus they have been implicated in the control of blood pressure (Roman, 2002; Imig, 2006; Capdevila et al. 2007) . Furthermore, by vasodilatation and the inhibition of distal sodium reabsorption, EETs may play an important antihypertensive role (Dos Santos et al. 2004; Wei et al. 2004; Sun et al. 2006; Imig, 2009) . It has been suggested that the inability to increase the level of EETs contributes to the pathogenesis of hypertension Chábová et al. 2007; Inceoglu et al. 2007) . Since these compounds are metabolized by soluble epoxide hydrolase (sEH) to form the corresponding dihydroxyeicosatrienoic acids (DHETEs), which appear to have less biological effect, the bioavailability of EETs and other epoxidized fatty acids may be reduced by enhanced sEH activity (Yu et al. 2000; Zhao et al. 2004; Manhiani et al. 2009 ). Accordingly, it has been shown that pharmacological inhibition or gene disruption of sEH can increase the level of EETs, which may exhibit protective cardiovascular and antihypertensive properties in several models of hypertension (Dorrance et al. 2005; Imig et al. 2005; Jung et al. 2005; Huang et al. 2007; Loch et al. 2007) . Since sEH inhibitors can be administered orally in amounts that clearly increase tissue bioavailability of EETs, this type of manipulation of their plasma and tissue levels may be a potentially useful new pharmacological approach (Hwang et al. 2007; .
It is well recognized that inappropriate activation of the renin-angiotensin system (RAS) is a major factor contributing to the pathophysiology of angiotensin II (ANG II)-dependent forms of hypertension (Hall et al. 1980; Navar et al. 1996; Cervenka et al. 1998) . The inbred transgenic Cyp1a1-Ren-2 rat strain with inducible hypertension, which expresses the mouse renin gene under the control of the Cyp1a1 promoter, offers a new possibility to control the endogenous activation of the RAS, and thus the degree and duration of hypertension (Kantachuvesiri et al. 2001; Mitchell & Mullins, 2005; Erbanová et al. 2009) . Although the Cyp1a1 promoter is not constitutively expressed, after exposure to various natural xenobiotics such as indole-3-carbinol (I3C), which can be easily administrated with the rat chow (Mitchell et al. 2006; Vanourková et al. 2006) , the expression of the Cyp1a1 promoter is rapidly increased with a marked enhancement of the expression of the Ren-2 renin gene in the liver (Kantachuvesiri et al. 2001) . This enhanced expression of the Ren-2 renin gene results in increased plasma renin activity with subsequently increased circulating ANG II levels leading to the development of ANG II-dependent form of hypertension (Vanourková et al. 2006) . As described previously (Kantachuvesiri et al. 2001 ) the dietary intake of 0.3% I3C leads to the development of severe malignant hypertension in this transgenic model with associated renal injury Ortiz et al. 2007) .
The role of eicosanoids as a compensatory system with protective effects against an enhanced RAS activity in models of malignant hypertension, however, remains poorly understood. Therefore, in this present study, we examined the hypothesis that administration of the novel sEH inhibitor cis-4-[4-(3-adamantan-1-yl-ureido)-cyclohexyl-oxy]-benzoic acid (c-AUCB) (Hwang et al. 2007) would attenuate the development of hypertension and the impairment of renal function in transgenic rats with inducible expression of the mouse Ren-2 renin gene.
Methods
The studies were performed in accordance with guidelines and practices established by the Institute for Clinical and Experimental Medicine Animal Care and Use Committee, and the laws of the Czech Republic and European Union. All our experiments comply with the policies and regulations and meet the highest ethical standards of The Journal of Physiology (Drummond, 2009) .
Experiments were performed in male Cyp1a1-Ren-2 transgenic rats aged 2 months. All animals used in the present study were bred at the Department of Experimental Medicine of the Institute for Clinical and Experimental Medicine from stock animals supplied from the Center for Cardiovascular Science, University of Edinburgh, UK. Standard rat chow (SEMED, Prague, Czech Republic) without (non-induced groups) or with 0.3% I3C (I3C-induced groups) has been used in the present study. It has been shown that I3C is a biological dietary supplement, which does not exhibit any harmful effects in transgene-negative rats, but strongly induces Cyp1a1 through activation of the aryl hydrocarbon receptor which is a basic helix-loop-helix transcription factor that binds to the Cyp1a1 promoter (Jellinck et al. 1993; Kantachuvesiri et al. 2001) . Previous studies have demonstrated that the above dose of I3C in the rat chow resulted in a marked rise of the expression of the Ren-2 renin gene and the development of ANG II-dependent hypertension in transgene-positive animals, whereas the transgene-negative rats (Fisher F344 rats) remained normotensive (Kantachuvesiri et al. 2001; Mitchell et al. 2006) .
Measurement of blood pressure and renal excretory function
Male Cyp1a1-Ren-2 transgenic rats, weighing 250 ± 20 g, were implanted with radiotransmitters TA11PA-C40 (Data Sciences, St. Paul, MN) as described previously Ortiz et al. 2007; Husková et al. 2010) to continuously monitor blood pressure by a telemetric device throughout the experimental period. The animals were anaesthetized with a combination of tiletamine, zolazepam (Zoletil, Virbac SA, Carros Cedex, France; 8 mg kg −1 ), and xylasine (Rometar, Spofa, Czech Republic; 4 mg kg −1 ) intramuscularly. An abdominal midline incision was performed to expose the abdominal aorta, which was briefly occluded to allow insertion of the transmitter catheter. The catheter was secured in place with tissue glue. The transmitter body was sutured to the abdominal wall along the incision line as the incision was closed. The skin was finally sutured and the stitches were removed 7-10 days later after the incision was healed. After 10-12 days of recovery from surgery, data acquisition was initiated to determine basal blood pressure and data were collected daily as described previously (Husková et al. 2010) .
The animals were randomly assigned to the following experimental groups: non-induced untreated control (n = 8), non-induced + c-AUCB (13 mg l −1 ; n = 6), non-induced + c-AUCB (26 mg l −1 ; n = 6), I3C-induced untreated (n = 8), I3C-induced + c-AUCB (13 mg l −1 ; n = 8), I3C-induced + c-AUCB (26 mg l −1 ; n = 8). Basal blood pressure was measured continuously for 7 days. Hypertension was induced in Cyp1a1-Ren-2 rats through dietary administration of I3C for 12 days. The sEH inhibitor c-AUCB was given in drinking water prepared freshly every third day. The crystaline c-AUCB (13 or 26 mg) was dissolved in ethanol (5 ml) and cyclodextrin (150 mg) after 5 min sonication and this solution was added to the 1 litre of drinking water. Hydrogencarbonate (3 ml l −1 ) was given to insure that the water did not become acidic since low pH can cause the compound to precipitate. Cyclodextrin and hydrogencarbonate were also given to untreated control rats in drinking water. These studies determined that these substances did not alter renal function in Cyp1a1-Ren-2 transgenic rats. The administration of c-AUCB was started 48 h before switching diets containing none or 0.3% I3C. The different doses of c-AUCB were used to determine possible dose-dependent effects of the treatment. Based on the previous study by Hwang et al. (2007) , c-AUCB compound showed better water solubility and metabolic stability.
In the animals implanted with radiotransmitter, 24 h urine collections were performed in metabolic cages prior and during I3C administration (day 2, 4, 7 and 11) to assess daily sodium excretion and proteinuria, as described previously Huskova et al. 2010) . In another set of Cyp1a1-Ren-2 transgenic rats (n = 6 in each experimental group as above), urine collections were also performed to compare the renal excretory responses in intact animals with chronically catheterized animals after the surgical intervention. At the end of experiments, all rats were decapitated to collect blood and the kidneys were removed for further analysis.
Determination of ANG II, EETs, DHETEs and c-AUCB in plasma and renal tissue Plasma and kidney ANG II levels were measured by radioimmunoassay using a commercially available kit (Euro-Diagnostica Co., Malmö, Sweden) as described previously Vanourková et al. 2006 , Husková et al. 2010 . After decapitation, arterial blood was collected in chilled tubes containing a mixed inhibitor solution (5 mmol l −1 EDTA, 10 μmol l −1 pepstatin and 1.25 mmol l −1 1,10-phenanthroline) and the kidneys were immediately excised, drained, weighed and homogenized in chilled methanol. Blood samples and kidney homogenates were centrifuged at 4
• C for 10 min at 3000 g, and plasma was separated and eluted in ethanol, centrifuged, evaporated using a Savant Speed Vac and stored at −80
• C until assayed. Measurement of the total tissue content of ANG II is a generally accepted and extensively used approach to provide an index of overall tissue content that can be compared among experimental groups (Navar & Nishiyama, 2004) . The levels of the arachidonic acid metabolites, EETs and DHETEs, were measured in the kidney cortex. Samples were extracted, separated by reverse-phase, high-performance liquid chromatography (HPLC), and analysed by negative-mode electrospray ionization and tandem mass spectroscopy as described previously Huang et al. 2007) . The concentration of c-AUCB in plasma was determined by mass spectrometry as described previously (Watanabe et al. 2003; Imig et al. 2005) . Fluid intake of our rats approximated 15 ml of water per day, which corresponds roughly to a daily dose of 200 or 400 μg of c-AUCB. Plasma concentrations of c-AUCB were determined to validate an effective sEH inhibition which provided a maximal effect on the parameters monitored in the present study. It averaged 28 ± 3 ng/mL in non-induced rats and 39 ± 9 ng/mL in I3C-induced group after 14 days of treatment. These plasma concentrations of c-AUCB were above the range of the IC 50 for the specific sEH inhibition and they were observed to inhibit sEH effectively in in vitro as well as in vivo studies (Hwang et al. 2007) . A slightly higher c-AUCB level in hypertensive I3C-induced rats may be mainly attributed to the increased water intake.
Determination of CYP2C23 epoxygenase and sEH in kidney cortex and medulla
Immunoblot analysis was performed to determine protein expression of CYP2C23 epoxygenase and sEH in kidney J Physiol 589.1 cortex and medulla as previously described (Zhao et al. 2004; Ai et al. 2007; Huang et al. 2007) . Detection was accomplished with an enhanced chemiluminescence Western blotting detection kit (ECL, GE Healthcare, Little Chalfont, UK), and blots were read using the luminescence image analyser LAS-3000, FUJI PHOTO FILM CO., Tokyo, Japan. Band intensity was measured densitometrically and the values were normalized for β-actin.
Determination of plasma renin activity and urinary nitrate/nitrite concentration
Plasma fractions were removed and assayed for plasma renin activity (PRA) by indirect radioimmunoassay (REN-CT2; CIS bio international, France). Results were expressed as nanograms per millilitre per hour of generated ANG I (Véniant et al. 1995; Campbell et al. 2009 ). Urine was collected into sterile tubes and nitrate/nitrite (NOx) concentration was measured colorimetrically (Assay Design, Ann Arbor, MI, USA) as reported previously (Kopkan & Majid, 2005) .
Renal clearance studies to assess renal haemodynamics
In another set of Cyp1a1-Ren-2 transgenic rats without telemetry devices, the animals were randomly assigned to the following experimental groups: non-induced untreated control (n = 8), non-induced + c-AUCB (26 mg l −1 ; n = 9), I3C-induced untreated (n = 9), I3C-induced + c-AUCB (26 mg l −1 ; n = 9). These rats were subjected to the higher dose of sEH inhibitor for 13 days. Hypertension was induced also through dietary administration of 0.3% I3C for 11 days. At the end of the treatment, rats were anaesthetized with thiopental sodium (60 mg kg −1 ; intraperitoneally) and placed on a thermoregulated table to maintain body temperature at 37-37.5
• C. A tracheostomy was performed to maintain a patent airway, and the exterior end of the tracheal cannula was placed inside a small plastic chamber, into which humidified 95% O 2 -5% CO 2 mixture was continuously passed to improve the stability of arterial pressure in anaesthetized rats, as described previously Mitchell et al. 2006) . The right jugular vein was catheterized with PE-50 tubing for intravenous administration of solutions, additional anaesthetic as required and intravenous drugs. The right femoral artery was cannulated to allow continuous monitoring of arterial blood pressure via a pressure transducer and data-acquisition system (model MLT 1050; PowerLab/4SP; ADInstruments, Chalgrove, UK) and blood sampling. A suprapubic incision was made, and the bladder was exposed by blunt dissection through the abdominal wall. The bladder was catheterized for timed urine collections during the experimental protocol. During surgery, an isotonic saline solution containing bovine serum albumin (6%) (Sigma Chemical Co., Prague, Czech Republic) was infused at a rate of 20 μl min −1 . The rats were allowed to recover for 1 h after completion of surgery when isotonic saline solution containing p-aminohippurate sodium (PAH; Merck, Sharp & Dohme, West Point, PA, USA) (1.5%), and polyfructosan (Inutest, Laevosan, Linz/Donau, Austria) (7.5%) was infused at the same infusion rate. The experimental protocol consisted of two 30 min urine collections to determine renal haemodynamic and excretory parameters in these rats as described previously .
Statistical analysis
Results are expressed as means ± S.E.M. One-way analysis of variance and two-way repeated-measures analysis of variance followed by the post hoc test were used when appropriate. Statistical significance was defined as a P value less than 0.05.
Results

Blood pressure and renal excretory function
Radiotelemetric blood pressure (BP) monitoring through the experiment confirmed that systolic blood pressure (SBP) in non-induced Cyp1a1-Ren-2 rats remained within the normotensive range (124 ± 6 to 126 ± 7 mmHg). Treatment with the sEH inhibitor c-AUCB at doses of 13 and 26 mg l −1 , respectively, did not alter SBP in these non-induced normotensive animals (123 ± 4 to 121 ± 3 and 119 ± 5 to 118 ± 4 mmHg, respectively). In contrast, administration of the diet containing 0.3% I3C resulted in severe hypertension (Fig. 1A ) which was associated with a significant loss of body weight (BW) in these rats (Fig. 1B) . These animals also exhibited other signs of the malignant hypertension, such as polyuria, polydypsia, hunched posture and piloerection, as described previously (Kantachuvesiri et al. 2001; Mitchell et al. 2006 ). They did not reveal marked differences in food intake compared to non-induced animals (9.3 ± 1.1 vs. 11.7 ± 1.5 g day −1 ). In the groups of I3C-induced rats treated with 13 or 26 mg l −1 of c-AUCB, the development of hypertension was significantly attenuated to a similar extent (Fig. 1A) and the loss of BW was also markedly reduced (Fig. 1B) . Other manifestations of malignant hypertension were also attenuated in these animals treated with c-AUCB. Diastolic blood pressure curves corresponded to SBP responses to I3C and c-AUCB administration (see online Supplemental Material). Heart rate remained unaltered by the sEH inhibitor in both non-induced and I3C-induced groups compared to untreated groups of rats (Supplemental Material). Sodium excretion (U Na V ) and proteinuria were determined in 24 h urine samples collected in metabolic cages prior to and during treatment. Throughout the experiment daily U Na V in the non-induced untreated group (0.56 ± 0.04 to 0.64 ± 0.05 mmol day −1 ) was not significantly different when compared to groups treated with 13 and 26 mg l −1 of c-AUCB (0.53 ± 0.05 to 0.66 ± 0.06 and 0.58 ± 0.03 to 0.71 ± 0.07 mmol day −1 , respectively). In the untreated I3C-induced group, U Na V was initially decreased by I3C administration on day 2 and was normalized thereafter (Fig. 2A) . Interestingly, c-AUCB treatment not only attenuated the initial drop in U Na V induced by I3C but caused higher U Na V at day 4, 7 and 11 as compared to untreated rats ( Fig. 2A) . Both doses of c-AUCB altered U Na V to a similar extent. Although in non-induced control rats a slight proteinuria was present (15.2 ± 1.2 to 15.7 ± 0.9 mg day −1 ), treatment with c-AUCB at doses of both 13 and 26 mg l −1 did not cause any changes (14.5 ± 1.1 to 15.1 ± 1.7 and 14.2 ± 1.3 to 14.7 ± 1.1 mg day −1 , respectively). However, c-AUCB significantly attenuated marked proteinuria induced by I3C feeding at day 7 and 11 ( Fig. 2B) indicating Table 1 . Body weight (BW), sodium excretion (U Na V), urine volume (UV), nitrate/nitrite excretion (U NOx V) and plasma renin activity (PRA) in groups of intact Cyp1a1-Ren-2 rats (without telemetry devices) at the end of the experimental protocol
Non-induced untreated 6 284 ± 5 0 .64 ± 0.05 7.8 ± 1.6 3 .6 ± 0.2 2 6 .8 ± 5.3 Non-induced + c-AUCB 13 mg l −1 6 278 ± 4 0 .69 ± 0.04 8.2 ± 1.4 3 .2 ± 0.1 4 2 .8 ± 8.1 Non-induced + c-AUCB 26 mg l −1 6 281 ± 5 0 .72 ± 0.06 8.5 ± 1.7 3 .9 ± 0.2 4 4 .1 ± 11.6 I3C-induced untreated 6 232 ± 3 * 0.58 ± 0.06 17.6 ± 2.4 * 2.1 ± 0.2 * 98.2 ± 14.3 * I3C-induced + c-AUCB 13 mg l −1 6 249 ± 4 * # 0.79 ± 0.04 # 24.4 ± 2.7 * # 2.4 ± 0.1 * 106.8 ± 16.3 * I3C-induced + c-AUCB 26 mg l −1 6 258 ± 5 * # 0.85 ± 0.05 # 26.7 ± 2.9 * # 2.6 ± 0.3 * 132.8 ± 18.7 *
Values are mean ± S.E.M. * P < 0.05 vs. non-induced groups; # P < 0.05 vs. I3C-induced untreated rats.
renoprotective effects of sEH inhibition in hypertensive transgenic rats. Daily diuresis (urine volume, UV) and water intake (WI) in untreated non-induced Cyp1a1-Ren-2 rats did not change significantly throughout the experiment. Treatment with c-AUCB did not affect UV and WI significantly in non-induced animals, although a slight increasing trend was observed (Table 1 ). Figure 3A represents changes in UV and Fig. 3B changes in WI in I3C-induced untreated and treated rats. Cyp1a1-Ren-2 rats administered I3C had a significant increase in UV and WI that was greater during c-AUCB treatment at day 3, 7 and 11.
In another set of intact Cyp1a1-Ren-2 transgenic rats, basal values and temporal changes in BW, U Na V , UV and WI during I3C administration and c-AUCB treatment were similar to those observed in chronically catheterized animals with radiotransmitters. Thus the functional responses cannot be attributed to any confounding effects due to surgical intervention and chronic catheterization. Therefore, for the clarity of this study, Table 1 summarizes differences between groups at the end of the experimental period. In addition, significantly lower urinary NOx excretion (U NOx V ) in I3C-induced rats was not affected by c-AUCB treatment and I3C-induced increases in PRA were not also influenced by c-AUCB treatment in Cyp1a1-Ren-2 transgenic rats ( Table 1) .
Concentrations of ANG II, EET, DHETE levels and protein expression of epoxygenases and sEH
ANG II levels were determined in plasma (Fig. 4A) and kidney cortex at the end of the experimental protocol (Fig. 4B) . Administration of I3C significantly increased the levels of ANG II in plasma and kidney cortex compared to non-induced groups indicating that this model represents an ANG II-dependent form of hypertension. Treatment with the c-AUCB had no effects on plasma or kidney tissue ANG II levels in either non-induced or I3C-induced groups when compared to untreated groups of rats (Fig. 4) .
Although the administration of I3C did not alter the levels of EETs, treatment with the sEH inhibitor c-AUCB increased the concentration of EETs in renal cortex to similar levels in both non-induced and I3C-induced groups (Fig. 5A) . DHETEs, products of the degradation of EETs, were significantly higher in the I3C-induced groups than those in non-induced groups of rats (Fig. 5B) . Although inhibition of sEH did not change the concentration of DHETEs significantly in the non-induced group, there was a substantial reduction of DHETEs in I3C-induced rats treated with c-AUCB. Moreover, the EETs/DHETEs ratio reflected the efficiency of the sEH inhibitor to increase the levels of EETs (Fig. 5C ). Immunoblot analysis showed no significant differences in protein expression of CYP2C23 and sEH in renal cortex and medulla between groups (Fig. 6 ). Data analysis is given in Table 2 . Similar results were observed in Values are means ± S.E.M. There are no significant differences between groups.
protein expression of CYP2C11 epoxygenase (data are not shown). These data indicate that I3C administration as well as c-AUCB treatment did not alter the expression of epoxygenase enzymes in the present study.
Renal haemodynamics
In a different series of experiments, renal clearance was performed under anaesthesia at the end of the same experimental protocol as described above. As both doses of c-AUCB exhibited similar responses during chronic studies, only the higher dose (26 mg l −1 ) has been used to determine mean arterial pressure (MAP) and renal functional parameters in non-induced and I3C-induced rats. Although treatment with c-AUCB did not significantly affect any renal parameters in non-induced normotensive rats (Figs 7 and 8) , it significantly attenuated the rise in MAP (Fig. 7A ) and normalized renal plasma flow (RPF), which was significantly reduced in I3C-induced rats (Fig. 7B) . As shown in Fig. 8A , glomerular filtration rate (GFR) was not different between the groups. However, I3C-induced rats treated with c-AUCB exhibited higher sodium excretion than untreated rats (Fig. 8B ).
Discussion
Treatment with inhibitors of sEH, the major enzyme that catalyses the degradation of EETs to biologically inactive DHETEs (Imig, 2005; Capdevila et al. 2007; Inceoglu et al. 2007) , has been shown to lower BP in several models of hypertension including ANG II-induced hypertension Jung et al. 2005; Huang et al. 2007; Loch et al. 2007 ). The present study demonstrates that oral administration of the novel sEH inhibitor c-AUCB significantly attenuates the development of malignant hypertension induced in Cyp1a1-Ren-2 transgenic rats. More importantly, this study clearly demonstrates an effect of sEH inhibition on renal haemodynamics and excretory function in this transgenic model of ANG II-dependent hypertension with endogenous RAS activation. The compound c-AUCB induced an improvement of renal function and furthermore it displayed significant renal protection by reducing proteinuria in these animals. These data strongly suggest that the antihypertensive effect of c-AUCB treatment in Cyp1a1-Ren-2 transgenic rats with induced malignant hypertension is likely to be mediated, at least in part, by these observed renal mechanisms. These results are in good agreement with the previous findings in ANG II infused hypertensive rats or mice (Zhao et al. 2004; Imig et al. 2005; Jung et al. 2005) . The novel sEH inhibitor c-AUCB used in this study inhibits the sEH enzyme with a high potency due to its improved pharmacokinetic properties, particularly its oral bioavailability and water solubility (Hwang et al. 2007 ). This allows the compound to be administered at relatively low doses that are at or near the dose providing a maximum pharmacological efficacy. Accordingly, administration of the double dose of c-AUCB did not cause any further significant antihypertensive and renal functional effects in the present study. It is also important to notice that c-AUCB treatment exhibited no effects in BP or renal excretory parameters in normotensive non-induced control rats. Thus, our current results provide several new findings that expand our present knowledge with respect to a novel protective approach, namely that sEH inhibition by c-AUCB is associated with the attenuation of the characteristics of ANG II-dependent malignant hypertension in Cyp1a1-Ren-2 transgenic rats and the improvement of renal function in these animals.
We have shown in our previous study (Vanourková et al. 2006 ) that the rapid development of malignant hypertension in this model is associated with a prompt increase in plasma ANG II concentration during the first 24 h and a progressive rise in tissue ANG II content during the continuous administration of I3C in the diet. In the present study, I3C induces marked enhancement in RAS activity (renin and ANG II); however, it is important to note that treatment with c-AUCB did not alter plasma and kidney RAS activity. Thus, it is likely that the observed effects of the sEH inhibitor in our Cyp1a1-Ren-2 transgenic rats are primarily attributed to the substantial increases in the bioavailability of epoxy lipids, in particular EETs. Although the observed absolute changes in renal EET metabolism seem to be relatively small in the present study, it is conceivable that even moderate changes in the level of EETs or other epoxy lipids may significantly alter renal function Jung et al. 2005; Chábová et al. 2007; Huang et al. 2007) . Our data may also be explained by a high turnover of EETs, thus not allowing the accumulation of EETs in the kidney. In agreement with previous studies (Zhao et al. 2004; Imig et al. 2005; Chábová et al. 2007) , significantly increased renal concentrations of DHETEs in I3C induced rats indicate a higher degradation of EETs in hypertensive animals than in non-induced rats. As the epoxide/diol ratio rather than the epoxide level itself is a better indicator of the sEH inhibitor's effectiveness (Zhao et al. 2004; Imig et al. 2005; Hwang et al. 2007) , we also noticed that the EETs/DHETEs ratio indicates a significant efficacy of c-AUCB to inhibit, at least partially, the degradation of EETs by the sEH enzyme. The inability to increase the level of EETs appropriately may contribute to the pathogenesis of hypertension (Yu et al. 2000; Zhao et al. 2004; Capdevila et al. 2007; Manhiani et al. 2009 ). In the present study, we also observed that the level of EETs in the renal cortex was not different in I3C-induced hypertensive rats compared to the non-induced normotensive group at the end of the experimental period indicating the inability to increase EETs as the expression of epoxygenases in the kidney remains unchanged. Thus, these data imply a relative lack of EETs during enhanced endogenous ANG II production (Zhao et al. 2004) . The major statement is that EETs predominately act as paracrine or autocrine factors due to their lipophilicity and rapid incorporation into the cell membrane. As EETs can be extracted from several tissues or isolated platelets, the binding of EETs to proteins is likely to restrict their systemic distribution. The localization of the sEH enzyme in tissues shows the highest specific activity in the liver followed by the kidney, further supporting the local action of this system. Exogenous ANG II administration has been shown to up-regulate endothelial sEH (Zhao et al. 2004 , Ai et al. 2007 , which might further decrease the local availability of EETs. Although, renal expression of sEH protein was not significantly different in I3C-induced groups compared to non-induced groups in the present study, it is likely that the catalytic activity of the sEH enzyme is increased (Imig, 2006; Ai et al. 2007 ) and thus renal levels of DHETEs were higher in these I3C-induced hypertensive rats.
In recent studies, important interactions between nitric oxide (NO) and eicosanoids have been indicated (Oyekan et al. 1999; Jiang et al. 2007; Hercule et al. 2009 ). Therefore we determined urinary NOx excretion as an endogenous marker of NO metabolism and NO activity. In I3C-induced rats, we observed decreases in urinary NOx concentration indicating diminished NO levels during the development of malignant hypertension. c-AUCB at 13 and 26 mg l −1 did not significantly alter urinary NOx excretion in either non-induced or I3C-induced rats. These results suggest that the observed antihypertensive and natriuretic responses to c-AUCB were not attributable to an increase in NO levels. These data do not support a positive interaction between EETs and NO levels as recently indicated (Hercule et al. 2009 ); however, it is possible that NO release could be driven by DHETEs, which are lowered by c-AUCB in the present study. This present finding provides limited mechanistic insight to this interaction; nevertheless, more studies are required to address this issue more conclusively.
Severe hypertension in Cyp1a1-Ren-2 transgenic rats exposed to I3C is associated with extensive proteinuria (Kantachuvesiri et al. 2001; Mitchell et al. 2006; Ortiz et al. 2007) . In the present study, we also observed that Cyp1a1-Ren-2 transgenic rats display progressive proteinuria during the exposure to I3C. Despite enhanced ANG II levels in these rats, both doses of c-AUCB treatment significantly attenuated proteinuria to a similar extent indicating substantial renoprotective properties of the compounds blocking sEH enzyme Jung et al. 2005; Huang et al. 2007; Hwang et al. 2007 ). Moreover, c-AUCB prevented an initial sodium retention induced by I3C administration that was observed in untreated Cyp1a1-Ren-2 transgenic rats on day 2. Subsequently, c-AUCB promoted natriuretic responses during I3C exposure on days 7 and 11. Furthermore, our data strongly support the view that EETs are not only involved in the regulation of vascular tone but also directly influence tubular transport of sodium in the kidney (Capdevila et al. 2007; Imig, 2009) . It is suggested that direct tubular effects of EETs are located in the proximal tubule where EETs regulate sodium tubular transport by inhibiting the translocation of the Na + /H + exchanger to the apical membrane (Roman, 2002; Dos Santos et al. 2004 , Imig, 2005 . In the cortical collecting duct, EETs have also been shown to be potent inhibitors of Na + ,K + -ATPase and amiloride-sensitive sodium transport (Satoh et al. 1993; Sakairi et al. 1995; Wei et al. 2004; Sun et al. 2006) . Accordingly, we observed greater natriuresis and diuresis in I3C-induced Cyp1a1-Ren-2 transgenic rats treated with c-AUCB that may contribute to the antihypertensive effect. In addition, there were also slightly increased but non-significant natriuretic and diuretic responses to c-AUCB treatment in non-induced animals. However, this present study was not designed to delineate which tubular transport mechanisms are involved in observed natriuresis and diuresis. Furthermore, the enhanced tubuloglomerular feedback responsiveness mediated by the actions of ANG II has been reported in Cyp1a1-Ren-2 transgenic rats (Mitchell & Mullins, 2005) , even though these hypertensive animals exhibit sustained GFR. The findings of the present study suggest that EETs induced direct tubular effects during c-AUCB treatment while having no appreciable effect on GFR. Thus we can only speculate that increasing EET levels during c-AUCB treatment may modulate the tubuloglomerular feedback in Cyp1a1-Ren-2 transgenic rats. This issue can be resolved by a comprehensive in vivo set of micropuncture experiments that are beyond the scope of this study. Despite limitations of this study, it is highly conceivable that the increase in biological availability of EETs in the kidney improves renal haemodynamic and tubular function in Cyp1a1-Ren-2 transgenic rats with malignant hypertension during the inhibition of sEH and thus may significantly reduce the development of malignant hypertension in this model.
In the present study renal haemodynamic parameters determined by renal clearance studies in anaesthetized rats at the end of the experimental period confirm that Cyp1a1-Ren-2 rats with malignant hypertension exhibit renal vasoconstriction (Mitchell et al. 2006) . Interestingly, c-AUCB treatment that also reduced arterial pressure in the I3C induced group of rats normalized RPF, suggesting a significantly decreased renal vascular tone. Although there was no appreciable effect on GFR, sodium excretion was higher in c-AUCB treated rats exposed to I3C as compared to untreated animals. This further suggests that sEH inhibition displays a direct tubular action without much effect on the filtered load of sodium. As EETs have been postulated to directly inhibit tubular ion transport including sodium (Satoh et al. 1993; Sakairi et al. 1994; Wei et al. 2004; Sun et al. 2006) , it is conceivable that the observed natriuretic effect is modulated by increased bioavailability of EETs in the kidney during sEH inhibition in the present study. Collectively, our data demonstrate that the observed renal mechanisms may significantly contribute to the antihypertensive effect of sEH inhibitor in Cyp1a1-Ren-2 transgenic rats with inducible malignant hypertension.
In summary, our present findings in Cyp1a1-Ren-2 transgenic rats extend previous observations that attributed to EETs an important role in the regulation of BP and renal function (Imig, 2005; Jung et al. 2005; Huang et al. 2007; Loch et al. 2007 ) is also involved in the pathophysiology of severe inducible hypertension. Our results demonstrate that substantial increases in the level of endogenous EETs in the presence of sEH inhibition significantly attenuate the development of malignant hypertension in Cyp1a1-Ren-2 transgenic rats particularly by the improvement of renal haemodynamics and sodium excretory function. These observed antihypertensive and renoprotective effects of the novel sEH inhibitor c-AUCB provide convincing evidence for a potentially new approach in antihypertensive therapy.
